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ELECTROSTATIC  ION  CYCLOTRON  INSTABILITY  DUE  TO  A  NONUNIFORM 
ELECTRIC  FIELD  PERPENDICULAR  TO  THE  EXTERNAL  MAGNETIC  FIELD 


I.  Introduction 

The  ion  cyclotron  instability  has  been  of  importance  to  both  space  and 
laboratory  plasmas.  In  most  previous  studies,  field  aligned  currents  or 
ion  beams  have  been  cited  as  the  driving  mechanism^.  Recently  some 
laboratory  experiments  have  reported  ion  cyclotron  instability  in 
circumstances  in  which  neither  of  the  above  mechanisms  provides  a 
satisfactory  free  energy  source,  and  the  existence  of  a  two  dimensional 
electric  field  is  conjectured  to  play  a  role.  Further,  unstable  ion 
cyclotron  waves  have  been  reported  in  connection  with  double  layers^  and 

f 

electrostatic  shocks'*.  In  all  these  cases  a  localized  electric  field 
perpendicular  to  the  external  magnetic  field  is  an  intrinsic  feature  of  the 
equilibrium.  The  purpose  of  this  letter  is  to  report  a  new  kinetic  ion 
cyclotron  instability  driven  by  a  nonuniform  electric  field  perpendicular 
to  the  external  magnetic  field  which  could  be  of  importance  to  the 
situations  referred  above^-  . 


II.  Theory  and  Results 

Using  physical  arguments  we  first  establish  that  an  equilibrium 

characterized  by  an  external  uniform  magnetic  field  Bq  (in  the  z  direction) 

perpendicular  to  an  external  nonuniform  electric  field  E  (x)  (in  the  x 

o 

direction)  is  unstable  to  the  electrostatic  ion  cyclotron  waves.  The  local 
dispersion  relation  of  the  electrostatic  ion  cyclotron  waves^  is  given  by, 


D(oj,k)  =  1  +  t  +  E  T  (b)f 
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where  (kX  )  «  I  is  assumed.  Also  t  =  T. /T  ,  v*  _  are  the  ion  and 

l  l  e  1 »e 

electron  thermal  velocities,  =  eB^m^c  is  the  ion  gyro 

radius,  kj  and  k^  are  the  parallel  and  perpendicular  components  of  the  wave 

vector  (with  respect  to  B-)  ,  T  (b)  =*  I  (b)exp(-b) , 

2  2  ^  —  n  —  “ 

a  k  p^  /2,  p^  ■  v^/^  and  In  are  the  modified  Bessel's  functions. 

Setting  k  ♦  0  one  obtains  the  dispersion  relation  for  the  Bernstein  modes 

(BM) , 
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and  if  (a/v  )  «  k„  «  (u  -  nH^/v^,  then  one  gets  the  corresponding 
expression  for  the  ion  cyclotron  modes  (IC), 

^  •? 

2m  T 

0IC(u),k)  -  1  +  t  -  rQ  -  Z  -j - j-j  =  0.  (3) 

For  the  time  being  we  neglect  alf^^he'1*  natural  dampings.  In  the  local 
approximation  the  energy  density  of  the  electrostatic  waves  is  proportional 
to  3(ujD)/3w  «*  m3D/3u.  Thus  the  energy  density  U,  of  both  the  BM  &  IC  waves 
is  given  by 

2  2 

4r  n  Q  0 

U  «  coOD/Su)  *  cu  {z  u)  — — 5-5-,}  =  o»“a(to) ,  a  >  0.  (4) 

n>0  (cu  -  n  H“)“ 


Clearly  U  is  positive  definite  and  thus  the  waves  are  positive  energy 
waves. 

We  now  introduce  a  uniform  electric  field  EQ  in  the  x  direction.  This 

initiates  a  drift  of  magnitude  Vg  =  cE/B  in  the  y  direction.  Thus,  other 

than  a  Doppler  shift  (i.e.  ,  cu  >  <u.  =  cu  -  k  V  )  there  is  no  change  in  the 

1  y  t, 

dispersion  relations  given  in  (2)  and  (3).  The  energy  density  of  the 
Doppler  shifted  waves  U'  ,  is  given  by, 


U'  =  a)  u>jC7(u)j)  . 


(5) 


While 
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definite  U'  can 


be 


negative 


provided  0  <  cu  <  k  V^,  thereby  giving  the  waves  a  negative  energy  density. 

Clearly  a  uniform  electric  field  perpendicular  to  the  external 
magnetic  field  can  convert  the  positive  energy  waves  into  negative  energy 
waves.  However,  as  long  as  the  electric  field  is  uniform,  a  transformation 
to  another  frame  moving  with  a  velocity  Vr  will  enable  the  waves  to  get 
back  the  positive  energy  character.  This  is  no  longer  possible  once  the 
electric  field  is  nonuniform.  For  example  consider  a  specific  model  for 
the  external  electric  field, 

E  ,  -  ^  <  x  <  ^ 

o  ’  2  2 


E  (x) 
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0,  otherwise 
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As  the  main  objective  of  this  letter  is  to  demonstrate  and  discuss  the  new 
instability  we  have  chosen  a  somewhat  idealized  electric  field  profile  for 

relative  ease  in  computation  and  transparency  of  the  physics  involved. 

Since  Z  is  localized  in  x  over  a  distance  L  (L  >  o^)  ,  one  finds  that  a 
negacive  wave  energy  region  I,  is  surrounded  by  positive  wave  energy 

regions  II  (See  Figure  1).  A  nonlocal  wave  packet  can  couple  these  regions 
and  a  flow  of  energy  from  region  I  to  region  II  can  enable  the  mode  to 
grow.  This  gives  rise  to  the  instability.  This  is  essentially  a  nonlocal 
instability  with  no  local  limit.  The  negative  energy  wave  framework  has 
been  previously  used^  to  explain  other  plasma  instabilities  at  a  local 
level.  Ours  is  a  nonlocal  instability  similar  in  concept  with  Lau7  et.  al 
who  apply  this  concept  to  an  astrophysical  problem. 

Since  the  x  direction  is  nonuniform  we  use  nonlocal  differential 
equations'’  in  the  regions  I  and  II  to  analyze  this  case.  Dissipation 

processes  such  as  Landau  damping  are  now  included. 

,2  2 

REGION  -  1:  +  <T}  *T(C)  =  0,  (6) 
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REGION  -  II:  {  — 2  +  -  0,  (7) 
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where  5  =  x/p^  ,  =  Q^/A^.  and 
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is  replaced  by  o>  . 


The  solutions  in  region  I 
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(10) 


while  in  region  -II  it  is, 

( C)  =  $oIIexp(itcIIC  +  i<5)  ,  (11) 

where  and  <$  are  constants.  Demanding  that  the  logarithmic 

derivative  of  the  solutions  be  continuous  at  E  =  L/2p^  we  obtain  the 
nonlocal  dispersion  relation, 

tan(<j/2e)  *  ix.^,  (12) 

where  e  =  p  / L.  Given  the  parameters,  we  use  a  numerical  root  finder  to 
solve  (12)  for  the  complex  frequency  us.  As  a  boundary  condition  we  demand 
that  the  solution  vanish  at  »,  i.e. ,  Im(x_j)  >  0.  It  should  be  remarked 
that  since  the  electric  field  has  a  sharp  profile  our  treatment  at  the 
second  order  differential  equation  level  can  be  improved  by  employing  an 
integral  equation  formulation.  However,  such  a  formulation  is 

mathematically  cumbersome  and  does  not  provide  a  simple  and  clear 
interpretation  of  the  physics  involved.  Thus,  for  the  time  being,  we 
stress  simplicity  and  clarity  over  greater  accuracy  which  will  be  provided 
in  the  future. 

Figure  2  is  a  plot  of  the  real  and  imaginary  parts  of  the 

frequency,  us  /Q  and  y/ft,  against  b  for  t  =  0.  ,  V  =  2.  9v  ,  e  =  0.3, 
r  l 

u  =  k„/k  =  0.001  and  p  *  m. /ra  =*  1837.  The  instability  exists  only  for  a 
II  y  1  e  1 

very  narrow  band  of  ky  thereby  making  it  very  coherent.  The  real  part  of 
the  frequency  is  large  (w  -  1.60n^)  compared  to  the  first  harmonic.  Also 
the  instability  peaks  for  ko .  ~  0(1).  These  features  are  in  keeping  with 

4  1 

the  observations  of  Mozer  et.  al. 

Figure  3  is  a  plot  of  y/0^  against  u  for  t  *  0,  0.5  and  1.0  and  b  3 
0.57  while  other  parameters  are  similar  to  the  Figure  2.  Clearly  this 
instability  prefers  small  u  (perpendicular  propagation)  , again  in  keeping 
with  Mozer  et.  al\  For  t  *  0,  u  can  get  as  high  as  0.15  but  for 
higher  t  the  value  of  u  is  even  smaller.  For  u  -  0.01  larger  t  implies 


4 


more  electron  Landau  damping  which  reduces  the  growth  rate 


Figure  4  is  a  plot  of  oo  against  e  for  u  =  10-^  and  other  parameters 
similar  to  Figure  2.  Our  theory  at  the  second  order  differential  equation 
level  is  valid  for  e  <  1  (i.e.,  p^  <  L)  .  For  p^  >  L  situations  an 
integral  equation  formulation  will  become  necessary.  For  most  of  the 
laboratory  experiments  L  (2  to  3)p^  ,  for  which  our  theory  holds.  Figure 
3  indicates  that  the  instability  is  more  severe  for  smaller  L  (i.e.  ,  for 
strongly  localized  electric  fields)  and  disappears  for  L  >  7p^,  for  the 
given  parameter  range. 

Figure  5  is  a  plot  of  y/2.  against  V  (=  V  /v  )  for  b  =  0.57, 

1  H  Cj  1 

t  =  1.0,  e  =  0.3  and  u  =  10”  .  The  instability  exists  for  V_  between  2. 8 

E 

and  3.2  peaking  at  around  3.  The  peak  value  of  Vp  in  both  Mozer  et  al.^ 

3  *■* 

and  Merlino  et  al.  is  well  above  the  minimum  necessary  for  this 
instability.  Further,  u>  *  -  is  necessary  for  the  onset. 

III.  Conclusions 

In  this  letter  we  give  a  new  mechanism  that  can  explain  the  occurance 
of  the  short  wavelength  (kp^  *>  1)  turbulence  around  the  ion  cyclotron 
frequency  in  the  presence  of  a  nonuniform  electric  field  perpendicular  to 
the  external  magnetic  field.  This  instability  is  driven  by  the  coupling  of 
the  positive  and  negative  energy  ion  cyclotron  waves.  Ion  cyclotron 
turbulence  has  been  observed  associated  with  shocks^  in  the  magnetosphere 
and  with  double  layers  both  in  laboratory  and  space  plasmas,  where  a 
strongly  localized  electric  field  perpendicular  to  the  magnetic  field  is 
present.  Thus  the  instability  mechanism  described  in  this  letter  could 
play  a  significant  role  in  such  situations.  We  would  also  like  to  note 
that  the  mechanism  of  the  instability  given  here  is  general  and  can  be 
applied  to  other  instabilities  as  well.  For  example,  a  study  of  lower 
hybrid  wave  excitation  by  this  mechanism  is  in  progress  and  will  be  the 
subject  of  a  future  article 


Figure  2.  A  plot  of  the  real  and  imaginary  part 
frequency  ojr / SI ^  and  y/7i^  against  b.  Here  r  = 

■  2.9,  e  »  0.  3 ,  u  *  m.  /m  *  1837  and  u  =  1C 


ACKNOWLEDGMENTS 


We  would  like  to  thank  Dr.  J.J.  Rasmussen  of  Rlso  National  Laboratory 
Denmark,  Dr.  P.  Satyanarayana  of  SAIC  for  useful  discussions  and  Dr.  R.L. 
Merlino  of  the  University  of  Iowa  for  providing  useful  information 
regarding  the  Iowa  double  layer  experiment.  This  work  is  supported  by  the 
National  Aeronautics  and  Space  Administration  and  the  Office  of  Naval 
Research. 


BIBLIOGRAPHY 

1.  W. E.  Drummond  and  M.  N.  Rosenbluth,  Phys.  Fluids 
5,  1507,(1962) 

2.  R.  Hatakeyama  and  N.  Sato,  Proc.  Plasma  Conference,  Japan,  EP-81-40, 

p.  31  (1981):  M.  Nakamura,  R.  Hatakeyama  and  N.  Sato,  Proc.  Second 

Symposium  on  Plasma  Double  Layers  and  Related  Topics,  p.  171, 
Innsbruck,  Austria  (1984) 

3.  R.L.  Merlino,  S.L.  Cartier,  M.  Alport  and  G.  Knorr,  Proc.  Second 

Symposium  on  Plasma  Double  Layers  and  Related  Topics,  Innsbruck, 
Austria  (1984). 

4.  F.S.  Mozer,  C.W.  Carlson,  M. K.  Hudson,  R.B.  Torbert ,  B.  Parady  and  J. 

Yatteau  and  M. C.  Kelly,  Phys.  Rev.  Lett.  38,  292  (1977):  M.  Temerin, 

C.  Cattell,  R.  Lysak,  H.  Hudson,  R.B.  Torbert,  F.S.  Mozer,  R.D.  Sharp 
and  P.M.  Kintner,  J.  Geophys.  Res.  86,  11278(1981). 

5.  G.  Ganguli  and  P.  Bakshi,  Phys.  Fluids,  25,  1830  (1982). 

6.  B.B.  Kadomtsev,  A.B.  Mikhailovskii  and  A.  V.  Timofeev,  Soviet  Phys. 

JETP.  20,  1517  (1965):  L.  S.  Hall  and  W.  Heckrotte,  Phys.  Fluids,  9, 

1496  (1966):  A.  Bers  and  S.  Gruber,  Appl.  Phys.  Lett.  6,  27  (1965). 

7.  Y.  Y.  Lau,  C.C.  Lin,  James  W.  -K.  Mark,  Proc.  Natl.  Acad.  Sci.  USA,  73, 
1379  (1976). 


11 


Distribution  List 


Di rector 

Naval  Research  Laboratory 
Washington,  D.C.  20375 

ATTN:  Code  4700  (26  Copies) 
Code  4701 

Code  4780  (100  copies) 
Code  4706  (P.  Rodriguez) 

University  of  Alaska 
Geophysical  Institute 
Fairbanks,  Alaska  99701 
ATTN:  Library 

S.  Akasofu 
J .  Kan 

J.  Roederer 

L.  Lee 

University  of  Arizona 
Dept-  of  Planetary  Sciences 
Tucson,  Arizona  85721 
ATTN:  J.R.  Jokipii 

University  of  California,  S.D. 
LaJolla,  California  92037 
(Physics  Dept.): 

ATTN:  J .A.  Fejer 

T.  O'Neil 
J.  Winfrey 
Library 

J.  Malmberg 

(Dept,  of  Applied  Sciences): 

ATTN:  H.  Booker 

University  of  California 
Los  Angeles,  California  90024 
(Physic  Dept.): 

ATTN:  J.M.  Dawson 
B.  Fried 
J.G.  Moralles 
W.  Gekelman 
R.  Stenzel 
Y.  Lee 
A.  Wong 
F.  Chen 

M.  Ashour-Abdalla 
Library 

J.M.  Cornwall 


(Institute  of  Geophysics  and 
Planetary  Physics): 

ATTN:  Library 

C.  Kennel 

F.  Coroniti 

Columbia  University 
New  York,  New  York  10027 
ATTN:  R.  Taussig 
R.A.  Gross 

University  of  California 
Berkeley,  California  94720 
(Space  Sciences  Laboratory): 

ATTN:  Library 

M.  Hudson 
(Physics  Dept.): 

ATTN:  Library 

A.  Kaufman 
C.  McKee 

(Electrical  Engineering  Dept.): 
ATTN:  C.K.  Birdsall 

University  of  California 
Physics  Department 
Irvine,  California  92664 
ATTN:  Library 

G.  Benford 

N.  Rostoker 
C.  Robertson 
N.  Rynn 

California  Institute  of  Technology 
Pasadena,  California  91109 
ATTN:  R.  Gould 

L.  Davis,  Jr. 

P.  Coleman 

University  of  Chicago 
Encrico  Fermi  Institute 
Chicago,  Illinois  60637 
ATTN:  E.N.  Parker 
I.  Lerche 
Library 

Thayer  School  of  Engineering 
Dartmouth  College 
Hanover,  NH  03755 

ATTN:  Bengt  U.0.  Sonnerup 


13 


PREVIOUS  PAGE 
IS  BLANK 


University  of  Colorado 
Dept,  of  Astro-Geophysics 
Boulder  Colorado  80302 
ATTN  M.  Goldman 
Library 

Cornell  University 

School  of  Applied  and  Engineering  Physics 
College  of  Engineering 
Ithaca,  New  York  14653 
ATTN ;  Library 
R.  Sudan 

B.  Kusse 

H.  Fleischmann 

C.  Wharton 

F.  Horse 

R.  Lovelace 

Harvard  University 
Cambridge,  Massachusetts  02138 

ATTN.  Harvard  College  Observatory 
(Library) 

G. S.  Vaina 
M.  Rosenberg 

Harvard  University 
Center  for  Astrophysics 
60  Garden  Street 
Cambridge,  Massachusetts  02 1 38 
ATTN.  G.B.  Field 

University  of  Iowa 
Iowa  City,  Iowa  52240 
ATTN:  C.K.  Goertz 

D.  Gurnett 

G.  Knorr 

D.  Nicholson 

University  of  Houston 
Houston,  Texas  77004 
ATTN:  Library 

University  of  Maryland 
Physics  Dept. 

College  Park,  Maryland  20742 
ATTN:  K.  Papadopoulos 

H.  Rowland 
C.  Wu 

University  of  Michigan 
Ann  Arbor  Michigan  48140 
ATTN:  E.  Fonthein 


University  of  Minnesota 
School  of  Physics 
Minneapolis,  Minnesota  55455 
ATTN  Library 

J.R.  Winckler 
P.  Kellogg 

M.I.T. 

Cambridge,  Massachusetts  02139 
ATTN;  Library 
(Physics  Dept.); 

ATTN:  B.  Coppi 
V.  George 

G.  Bekefi 
T .  Chang 
T.  Dupree 
R.  Davidson 

(Elect-  Engineering  Dept.); 
ATTN:  R.  Parker 
A.  Bers 
L.  Smullin 

(R.L.E. ) . 

ATTN:  Library 
(Space  Science) 

ATTN  Reading  Room 

Princeton  University 
Princeton,  New  Jersey  08540 
Attn.  Physics  Library 

Plasma  Physics  Lab. 

Library 
C.  Oberman 
F.  Perkins 
T.K.  Chu 

H.  Okuda 

V.  Aranasalan 
H.  Hendel 
R.  White 

R.  Kurlsrud 
H.  Furth 

S.  Yoshikawa 
P-  Rutherford 

Rice  University 
Houston,  Texas  77001 

Attn:  Space  Science  Library 
R.  Wolf 

University  of  Rochester 
Rochester,  New  York  14627 
ATTN.  A.  Simon 


Stanford  University 
Institute  for  Plasma  Research 
Stanford,  California  94305 
ATTN:  Library 

Stevens  Institute  of  Technology 
Hoboken,  New  Jersey  07030 
ATTN:  B.  Rosen 

6.  Schmidt 
M.  Seidl 

University  of  Texas 
Austin,  Texas  78712 
ATTN:  W.  Drummond 

V.  Wong 
D.  Ross 

W.  Horton 
D.  Choi 

R.  Richardson 

G.  Leifeste 

College  of  William  and  Mary 
Williamsburg,  Virginia  23185 
Attn:  F.  Crownfield 

Lawrence  Livermore  Laboratory 
University  of  California 
Livermore,  California  94551 
ATTN:  Library 

B.  Kruer 
J.  Thomson 
J.  Nucholls 
J.  DeGroot 
L.  Wood 
J.  Emmett 
B.  Lasinsky 
8.  Langdon 

R.  Briggs 
D.  Pearlstein 

Los  Alamos  National  Laboratory 
P.0.  Box  1663 

Los  Alamos,  New  Mexico  87545 
ATTN:  Library 

D.  Forslund 
J.  Kindel 

B.  Bezzerides 

H.  Dreicer 
J.  Ingraham 
R.  Boyer 

C.  Nielson 

E.  Lindman 
L.  Thode 


N.O.A.A. 

325  Broadway  S. 

Boulder,  Colorado  80302 
ATTN:  J.  Weinstock 

Thomas  Moore  (SEL,  R-43) 
W.  Bernstein 

D.  Williams 

Sandia  Laboratories 
Albuquerque,  New  Mexico  87115 
ATTN:  A.  Toepfer 
G.  Yeonas 
D.  VanDevender 
J.  Freeman 
T.  Wright 

Bell  Laboratories 
Murray  Hill,  New  Jersey  07974 
ATTN:  A.  Hasegawa 

Lockheed  Research  Laboratory 
Palo  Alto,  California  94304 
ATTN:  M.  Walt 

J.  Cladis 
J.  Siambis 

Physics  International  Co. 

2400  Merced  Street 
San  Leandro,  California  94577 
ATTN:  J.  Benford 

S.  Putnam 

S.  Stalings 

T.  Young 

Science  Applications,  Inc. 

Lab.  of  Applied  Plasma  Studeis 
P.0.  Box  2351 

LaJolla,  California  92037 
ATTN:  L.  Linson 
J.  McBride 

NASA/Goddard  Space  Flight  Center 
Greenbelt,  Maryland  20771 
ATTN:  M.  Goldstein 

T.  Northrop 
T.  Birmingham 

NASA/Goddard  Space  Flight  Center 
Greenbelt,  MD  20771 

ATTN:  A.  Figuero  Vinas 
Code  692 


TRW  Space  and  Technology  Group 
Space  Science  Oept. 

8ui Iding  R-1,  Room  1170 
One  Space  Park 

Redondo  Beach,  California  90278 
ATTN:  R.  Fredericks 
W.L.  Taylor 

National  Science  Foundation 
Atmospheric  Research  Section  <ST) 
Washington,  D.C.  20550 
ATTN:  D.  Peacock 

Goddard  Space  Flight  Center 
Code  961 

Greenbelt,  Maryland  20771 
ATTN:  Robert  F.  Benson 

NASA  Headquarters 
Code  EE-8 

Washington,  D.C.  20546 

ATTN:  Dr.  E.  Schmerling 
Dr.  J.  Lynch 
Dr.  D.  Butler 

Klumpar,  David 
Center  for  Space  Sciences 
P.O.  Box  688 
University  of  Texas 
Richardson,  Texas  75080 

Leung,  Philip 

Dept,  of  Physics 

University  of  California 

405  Hilgard  Avenue 

Los  Angeles,  California  90024 

Lysak,  Robert 

School  of  Physics  and  Astronomy 
University  of  Minnesota 
Minneapolis,  MN  55455 

Schulz,  Michael 
Aerospace  Corp. 

A6/2451,  P.O.  Box  92957 

Los  Angeles,  California  90009 

Shawhan,  Stanley 

Dept,  of  Physics  &  Astronomy 

University  of  Iowa 

Iowa  City,  Iowa  52242 


Tenerin,  Michael 
Space  Science  Lab. 

University  of  California 
Berkeley,  California  94720 

Vlahos,  Loukas 
Dept,  of  Physics 
University  of  Maryland 
College  Park,  Maryland  20742 

Matthews,  David 
IPST 

University  of  Maryland 
College  Park,  Maryland  20742 

Schunk,  Robert  W. 

Utah  State  University 
Dept,  of  Physics 
Logan,  Utah  84322 

Di rector. 

Department  of  Energy 
ER20:GTN,  High  Energy  & 

Nuclear  Physics 
Washington,  D.C.  20545 
ATTN:  Dr.  Terry  Godlove 

Di rector. 

Department  of  Energy 
Office  of  Inertial  Fusion 
Washington,  D.C.  20545 

ATTN:  Dr.  Richard  Schriever 

Di rector 

Defense  Nuclear  Agency 
Washington,  D.C.  20305 
ATTN:  Dr.  Leon  Wittwer 
Dr.  P.  Crowley 
Dr.  Carl  Fitz 


7777 


■w 

C.V 

> 


ji'W  , '  L" 


1  LT  f — .-  l-  j- 


"«■■  1"  1  T  1 


.  vt  ^jar. '.".  t  1  y  j1' 


.■■,.■  ;■  .■ .  e. 


IONOSPHERIC  MODELING  DISTRIBUTION  LIST 
(UNCLASSIFIED  ONLY) 

PLEASE  DISTRIBUTE  ONE  COPY  TO  EACH  OF  THE  FOLLOWING  DE0PLE  (UNLESS  OTHERWISE 
NOTED) 


K.; 

J 

Kr 


NAVAL  RESEARCH  LABORATORY 
WASHINGTON,  D.C.  20375 
Code  4100 

Dr.  H.  GURSKY  -  CODE  4100 
Dr.  P.  GOODMAN  -  CODE  4180 

A.F.  GEOPHYSICS  LABORATORY 
L.G.  HANSCOM  FIELD 


NASA 

GODDARD  SPACE  FLIGHT  CENTER 
GREENBELT,  MD  20771 
DR.  K.  MAEDA 
DR.  S.  CURTIS 
DR.  M.  DUBIN 


'FORD,  MA  01731 

COMMANDER 

DR.  T.  ELKINS 

NAVAL  AIR  SYSTEMS  COMMAND 

DR.  W.  SWIDER 

DEPARTMENT  OF  THE  NAVY 

MRS.  R.  SAGALYN 

WASHINGTON,  D.C.  20360 

DR.  J.M.  FORBES 

DR.  T.  CZUBA 

DR.  T.J .  KENESHEA 

DR.  W.  BURKE 

COMMANDER 

DR.  H.  CARLSON 

NAVAL  OCEAN  SYSTEMS  CENTER 

DR.  J.  JASPERS 

SAN  DIEGO,  CA  92152 

Dr.  F.J.  RICH 

MR.  R.  ROSE  -  CODE  5321 

DR.  N.  MAYNARD 

NOAA 


BOSTON  UNIVERSITY 

DIRECTOR  OF  SPACE  AND 

DEPARTMENT  OF  ASTRONOMY 

ENVIRONMENTAL  LABORATORY 

■ 

30 S TON,  MA  02215 

BOULDER,  CO  80302 

DR.  J.  AARONS 

DR.  A.  GLENN  JEAN 

11 

DR.  G.W.  ADAMS 

CORNELL  UNIVERSITY 

DR.  D.N.  ANDERSON 

ITHACA,  NY  14850 

DR.  K.  DAVIES 

DR.  W.E.  SWARTZ 

DR.  R.F.  DONNELLY 

m 

DR.  D.  FARLEY 

DR.  M.  KELLEY 

OFFICE  OF  NAVAL  RESEARCH 

800  NORTH  QUINCY  STREET 

HARVARD  UNIVERSITY 

ARLINGTON,  VA  22217 

.  •* 

HARVARD  SQUARE 

DR.  G.  JOINER 

*/• 

CAMBRIDGE,  MA  02138 

1 

DR.  M.B.  McELROY 

PENNSYLVANIA  STATE  UNIVERSITY 

DR.  R.  LINDZEN 

UNIVERSITY  PARK,  PA  16802 

DR.  J.S.  NISBET 

•1  . 

INSTITUTE  FOR  DEFENSE  ANALYSIS 

DR.  P.R.  ROHRBAUGH 

400  ARMY/NAVY  DRIVE 

DR.  L.A.  CARPENTER 

ARLINGTON,  VA  22202 

DR.  M.  LEE 

• 

DR.  E.  BAUER 

DR.  R.  DIVANY 

DR.  P.  3ENNETT 

MASSACHUSETTS  INSTITUTE  OF 

DR.  F.  KLEVANS 

TECHNOLOGY 

V 

PLASMA  FUSION  CENTER 

SCIENCE  APPLICATIONS,  INC. 

LIBRARY,  NW16-262 

1150  PROSPECT  PLAZA 

• 

CAMBRIDGE,  MA  02139 

LA  JOLLA,  CA  92037 

DR.  D.A .  HAMLIN 

DR.  E.  FRIEMAN 


17 


STANFORD  UNIVERSITY 
STANFORD,,  CA  94305 
DR.  P.M.  BANKS 

U.S.  ARMY  ABEROEEN  RESEARCH 
AND  DEVELOPMENT  CENTER 
BALLISTIC  RESEARCH  LABORATORY 
A8ERDEEN,  MD 

DR.  J.  HEIMERL 

GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 
DR.  L.E.  LEE 

UNIVERSITY  OF  CALIFORNIA, 
BERKELEY 

BERKELEY,  CA  94720 
DR.  M.  HUDSON 

UNIVERSITY  OF  CALIFORNIA 
LOS  ALAMOS  SCIENTIFIC  LABORATORY 
J-10,  MS-664 
LOS  ALAMOS,  NM  87545 
DR.  M.  PONGRATZ 
DR.  D.  SIMONS 
DR.  G.  BARASCH 
DR.  L.  DUNCAN 
OR.  P.  BERNHARDT 
DR.  S.P.  GARY 

UNIVERSITY  OF  MARYLAND 
COLLEGE  PARK,  MD  20740 
DR.  K.  PAPADOPOULOS 
DR.  E.  OTT 

JOHNS  HOPKINS  UNIVERSITY 
APPLIED  PHYSICS  LABORATORY 
JOHNS  HOPKINS  ROAD 
LAUREL,  MD  20810 
DR.  R.  GREENWALD 
DR.  C.  MENG 

UNIVERSITY  OF  PITTSBURGH 
PITTSBURGH,  PA  15213 
DR.  N.  ZABUSKY 
DR.  M.  BIONDI 
DR.  E.  OVERMAN 


UNIVERSITY  OF  TEXAS 
AT  DALLAS 

CENTER  FOR  RESEARCH  SCIENCES 
P.O.  BOX  688 
RICHARDSON,  TX  75080 
DR.  R.  HEELIS 
DR.  W.  HANSON 
DR.  J.P.  McCLURE 

UTAH  STATE  UNIVERSITY 
4TH  AND  8TH  STREETS 
LOGAN,  UTAH  84322 
DR.  R.  HARRIS 
DR.  K.  BAKER 
DR.  R.  SCHUNK 
DR.  J.  ST. -MAURICE 

PHYSICAL  RESEARCH  LABORATORY 
PLASMA  PHYSICS  PROGRAMME 
AHMEDABAD  380  009 
INDIA 

P.J.  PATHAK,  LIBRARIAN 

LABORATORY  FOR  PLASMA  AND 
FUSION  ENERGY  STUDIES 
UNIVERSITY  OF  MARYLAND 
COLLEGE  PARK,  MD  20742 
JHAN  VARYAN  HELLMAN, 
REFERENCE  LIBRARIAN 


DIRECTOR  OF  RESEARCH 
U.S.  NAVAL  ACADEMY 
ANNAPOLIS,  MD  21402 
02CY 


18 


END 

FILMED 

7-85 

DTIC 


